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A SUCGOU electrode catheter was used for tow energy, 
ablation of the atrioventricular (AV) node junction 
in 12 dogs. In 10 dogs, ial injury of the AV node was 
induced. In six dogs, d 
noted. 
(p < 0.05). 
Aaterograde conduction was sigaificaatty altered in IO 
Partial focat injury to the AV no 
canine model. A similar tffbai~~@ m 
treatment of reentrant AV node tat 
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The mechanism of atrioventricular (AV) node tachycardia is 
generally considered to be due to reentry using two separate, 
functionally dissociated AV node pathways inanterograde 
and retrograde irections during tachycardia (1,2). Comes et 
al. (1) pointed out that in some patients the retrograde limb 
may consist of a separate AV node or extranodal bypass 
tract. The precise location of these pathways i  unknown, 
but the recent finding of Ross et al. (3) that precisely placed 
surgical lesions in the perinodal tissue can cure a reentrant 
AV node tachycardia in humans lends strong support for 
anatomically aswell as functionally distinct pa hways in- 
volving the perinodal tissues. Cox et al. (4) obtained favor- 
able results with cryosurgical treatment ofAV node reen- 
trant achycardia in humans, further lending support for the 
existence of anatomically distinct pathways with differing 
functional properties as the substrate for the reentrant AV 
node tachycardia. Host recently (5), a closed chest ablation 
technique for modifying retrograde conduction i  humans 
using high energy shocks has been described inpatients with 
AV node reentrant tachycardia. 
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Although it is possible to comp!elely or partially ablate 
AV node and pet-modal tissue using high energy closed chest 
ablation, the specificity and precision with which the abla- 
tion can be focused are difficult o control, thus increasing 
the potential for inducing complete heart block and nonspe- 
cific damage of the surrounding atria1 and ventricular tissue. 
Therefore, it is desirable to develop a technique that can 
achieve partial ablation of the AV node with more precision 
and less energy, thereby increasing the specificity and di- 
minishing the potential for adverse complications. Saksena 
et al. (6) have demonstrated that complete low energy 
transvenous ablation of the AV conduction system is possi- 
ble using a suction electrode catheter. 
The aim of the present study was to develop a more 
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A catheter system was used to pa~titg~~y 
heart was rinsed and 
~~fe~Q~ vena cava 
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Figure 1. Dog 10, before ablation. 
, surface lead aVF, bipolar 
r right ventricular (RV) elec- 
interval of 85 ms and the A 
interval of 65 ms. 
Protocol 2 
The purpose of the second protocol was to 1) measure 
precisely the energy delivered through the catheter; 2) 
correlate the extent of pathologic injury with delivered 
energy at the time when maximal extent of the reparative 
process was anticipated (2 weeks); and 3) define the time 
course of conduction changes in the AV node after acute 
injury, at 3 days, 7 days and 2 weeks. 
Six mongrel dogs weighing 28 + 5 kg were studied. The 
initial ablation experiment was performed as described in 
Protocol I. Retrograde effective refractory period of the AV 
node was also determined after each ablation in four of six 
dogs, in addition to the previously described electropbysio- 
logic measurements. 
E pbysiohrgic study. To determine the retrograde 
effective refractory period of the AV node, an eight beat 
ventricuiar d ive followed by a single ventricular p emature 
extrastimulus was used with the drive train 50 ms shorter 
than the RR interval. The V,V2 interval was decremented by 
ms until the stimulus no longer conducted retrograde to
the dogs were freshly instrume 
recordings (Fig. I and 2). 
anterograde effective 
Wenckebach cycle leng 
retrograde AV node effective refractory 
measured. AH intervals were recorded 
pacing at a cycle length 50 ms shorter than that of the 
interval. 
Figure 2. Dog 10 after partial AV node ablation. 
Recordings are arranged as in Figure I. Note the 
prolonged PR interval (130 ms) and AH interv 
ms). There is no significant prolongation in 
duration. Abbreviations as in Figure 1. 
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Table 1. Results of Ablation Experiments in Six Dogs of Protocol 1 
AVN EWP 
PR Interval AH Interval Anterognde 
Maximal Time of Total 
Pathologic Energy 
(ms) (ms) BillSI 
Energy 
Dog CHB 1J) Examination (J) Pre Post Pre Post Pre Post 
I Yes 30 Acute* 60 110 NA 80 NA NA MA 
2 Yes 90 Acule* 450 100 NA 85 NA NA NA 
3 No 90 3 days 450 120 170 70 130 160 320 
4 No 60 8 days 210 9s 150 50 95 I40 250 
5 No 70 2 weeks 280 90 150 55 120 150 2tRl 
6 No 50 6 weeks 150 120 150 60 92 I HO 
Mean 65 266 106 155 67 JO9 153 238 
* SD 21 I45 12 7 I3 16 8 54 
Wenckebach 
CL 
Anterograde 
0-m) 
Pre Post 
NA PIA 
MA NA 
230 320 
210 250 
200 280 
2 220 
210 268 
12 37 
Acute = several hours afler ablation; AVN ERP = atrioventricular node effective refractory period; CJ-JB = complete heart block; CL = cycle length; 
NA = not applicable; Post = after ablation: Pre = before ablation. 
increase in the anterograde effective refractory period of the 
AV node was noted from 153 2 8 to 238 f 54 ms and in 
the anterograde Wenckebach ycle length from 210 2 12 to
258 -C 37 ms (p < 0.05). 
Pathology. The gross lesions were focal and were located 
along the anulus of the septal leaflet of the tricuspid valve in 
the region overlying the AV node. The endocardial lesians 
were 3 to 22 (mean 11 5 6 mm) in diameter and 1 to 4 (mean 
2.5 2 1 mm) in depth and involved the AV node, the His 
bundle and the adjacent a rial, valvular and septal ventricu- 
lar tissue. The gross and microscopic changes are summa- 
rized in Table 2. 
Prutocol2 
Relation betweeu nergy Clive 
sured. The relation between the energy level selected on the 
defibrillator and the actual energy delivered through the 
catheter was examined in the six dogs of Protocol 2(Fig. 5). 
There was a linear relation between the dialed energy (x 
axis) and the delivered energy (y axis) (r = 0.97, p < 0.0001). 
However, the maximal energy delivered through the cathe- 
ter was considerably less than the energy selected. The total 
energy required to achieve partial ablation varied between 
97.4 and 336.8 J (mean 225 f 91). The data for Dogs 7 to 12 
in Protocol 2 are summarized in Table 3. 
AV nde comh~tioa. The PR interval increased signifi- 
cantly in the period immediately after ablation from -% + 10 
to 154 2 33 ms (p < 0.005). The AH interval increased after 
ablation from 59 k 8 to 102 + L6 ms (p < 0.003). There was 
no significant increase in the QR§, QT, or HV intervals. 
When the results in Dogs 3 to 6 (partial blation) and 7 to 12 
were combined, the anterograde AV node effective refrac- 
tory period increased significantly after ablation from 137 2 
14 to 214 +: 45 ms (p < 0.005). Similarly, when the results of 
Dogs 3 to 6 (partial ablation) were combined with those of 
Dogs 7 to 12, the anterograde AV node 
length increased significantly from 196 ~fr 
(p < 0.002). 
Retrograde csndwtion was tested in four dogs. Ia me, 
there was a complete lack of retrograde c~~d~ct~~~ after 
ablation, and in two stber dogs the ret 
cyde length increased from 156 2 21 t 
is too small for statistical nalysis but suggests a sig~~cant 
Dog Time Gross Microscopic 
I and 2 Acute 
3 3 days 
4 8 days 
5 2 weeks 
6 6 weeks 
Acute hemorrhage and 
tissue swelling; fibrin 
thrombus 
Focal hemorrhage: fibrin 
thrombus with early 
organixalion 
Mural thrombus overlying 
the AV node region and 
septal tricuspid anulus 
Pale, tan, centrally 
hemorrhagic scar 
Endocardia! scarring 
involving the tricuspid 
septal anulus and leaflet 
and the region overlying 
Ihe AV node 
Extravasation of red cells: 
edema; hypereosinophilia 
and contraction band 
necrosis of myocardial 
fibers 
Neutrophilic iuftltrate; 
contraction band 
necrosis: loss of nuclear 
detail; edema; early 
mesenchymal cell 
proliferation 
Coagulative necrosis: 
neovasculari2atEon; acute 
and chronic imhunmatory 
infiltrate; l’ibroblastic 
proliferation 
Organizing granulation 
tissue response; 
hemosiderin-laden 
macrophages; chronic 
inflammatory infihrate 
Dense organized collagen 
bundles with hemosiderin 
pigment and minimal 
chronic inflammation 
Acute = several hours after ablation. 
0 ---c-----c ! 
GO 70 GO 90 100 
ENERGY IJOULESI 
TaMe 3. esults of Acute Ablation in Six 
I : 
1 
0 10 20 30 40 50 60 90 
ENERGY [Jou'sl 
AVN 
Phi herd AVN ERP* AVN ERPR Wenckcbach 
Energy 01 @E.) (msi (ms) ce (msl 
Dog ~~~rn~ Total Pre POSI Pre POSI Pre Post Pn Post Pre Fast 
1 48.0 
8 34.2 
9 42.6 
10 53.4 
II 59.6 
2 35.2 
ean 45.5 
+ SD 9.2 91 IO 33 8 16 15 21 21 0 32 38 
AVN ERP, = atrioventricular (AV) node ffective r fractory period. anterograde: AVN ERPR = AV node effective refractory period. retrograde; AVN 
Wenckebach CL = AV node Wenckebach cycle length, anterograde; N = not present: NM = not measured. Other abbreviations as in Table 1. 
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Figure 7. Protocol 2. Dogs 7 to 12. AH intervals are plotted in 
histogram form (mean values -t SD) at baseline and I h (ACUTE) 
and 3, 7 and 14 days after ablation. Note an initial decrease inthe 
mean AH interval t 3 days after ablation followed by a progressive 
prolongation. Differences from day 1 (ACUTE) through day 14 are 
all significant (pC 0.85). 
Relatioin between ergy dellive tho~ogk 
lesiins observed. Focal esions w stellate 
and confined to the tricuspid anulus, the region of the AV 
node, and the septal tricuspid leafiet (Fig. 8A). However, a
“kissing lesion” on the adjacent atrial endocardial wall was 
also noted in the right atrial appendage closely approximat- 
ing the area of ablation in three dogs. These lesions were 
supeficial, subendocardial and nontransmural. Overlying 
mural thrombus was also noted in four dogs (Fig. gB), with 
tissue organization corresponding to the histologic age of the 
lesion. No evidence of pulmonary embolization was noted. 
There was no linear correlation between the energy deliv- 
ered and the size of the endocardial lesion or the depth of 
tissue damage (Table 4). 
Measurements included damage of the annular aspect of 
the septal tricuspid leaflet and the overlying atria1 septal 
wall. Energy delivered to these thinner anatomic regions is 
dissipated over a larger endocardial surface area. The mea- 
sured depth of damage varied greatly depending on the 
degree of soft tissue dema nd hemorrhage and the point of 
involvement of the fibrous body. AV node fibers underlyi 
the fibrous body were frequently damaged regardiess oft 
thickness of the collagen bundles at the point of injury, 
presumably as  result of the high conductivity of dense 
collagen compared with the fibro-fatty soft tissue (Fig. 9). 
Pa ChV r ablation. This study demonstrates 
that ranscatheter ablation, using a suction-ablation catheter 
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with incremental DC current energies is 
permanent alterations in AV node co 
provided a pilot study that demonst 
partial AV node ablation with low energy direct current 
ablation using the suction-ablation catheter. %t also bower us 
to predict the time at which maximal pathol 
likely to occur (2 weeks). Protocol 2 furthe 
partial AV node injury is possible with t 
altering both anterograde and re 
the AV node. These changes p 
ablation. The time course of these c
has not been established bythis stu 
2 weeks the reparative process i maxt 
probable that hese conduction changes are permanent. 
Haissaguerre et al. (5) found that abolition of retrogra 
conduction through the AV node ablation in humans, 
with use of a high energy “convent ’ ablation technique, 
persisted at a mean follow-up in of 14 f 8 months. 
These data are concordant with our finding in dog 
but intact anterograde conduction, with altered 
conduction through the AV node after ablation. The potential 
advantage of the technique descri 
suction-ablation catheter, is that 
achieved with lower incremental and total energy levels 
minimizing the risk of complete AV block and prod 
e total energy levels 
study to achieve partial injury of the AV 
than those reported by Saksena et al. (6) to 
AV block. This seeming paradox isrelated to a difference in
techniques. Whereas Saksena et al. (6) positioned their 
catheter to maximize the His bundle potential to ensure 
induction of complete AV block, we positioned our catheter 
more proximally to maximize the atria1 potential, wnile still 
recording a unipolar His potential. Therefore, in QUUT study, 
the AV node injury was maximized while the potential for 
complete AV block was diminished. 
Another finding of interest isthat whereas the AH inter- 
val increased immediately fter ablation and decreased 
day 3 with subsequent i creases on days 7 and 14, the 
interval increased immediately after ablation but then de- 
creased on days 3,7 and 14. A possible xplanation for this 
~~se~va~io~ is that intraatria 
there is a shift to an alternative pacemaker site in the atria 
closer to the AV node, thus resulting in shortening of 
intraatriai conduction time. 
The differing effects of electric shock on anterograde and 
retrograde conduction underscore the relative anatomic dis- 
sociation ofthe pathways involved. This finding co s the 
data provided by the experimental (7,g) and electrophysio- 
logic (9) and surgical results (3,4) in humans. 
at~o~og~c ladings suggests a 
close relation between the site of s3attn and the AV node 
Table 4. lation of ivered Energy and Size and Depth of 
Tissue D (Protoco cI_~ ~- 
DO&3 Maximal Total 
7 48 292.8 1.9 13 x 6 
8 34.2 120.2 0.8 22 x 19 
9 42.6 208.4 1.9 17 x 9 
10 53.4 336.8 1.8 19 x 16 
II 59.6 2%.4 0.9 17x II 
12 35.2 97.4 0.9 13 x 9 
Depth of Lesion 
Widest Lesion 
Diameters 
(A x B) (mm) 
terest with Little s~~~~~d~~g focal 
presence of pposing “ ssing lesions” sugge 
bility of nonspecific atrial scarring; the hong-term 
cance of these lesions is unkn 
thrombus atthe site of abiation isa fr 
pulmonary embolism is
t block was 
cedure (i.e., the atrial electrog 
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Figure 9. Ablation injury extends frmn the 
endocardium to the fibrous body and sugerfi- 
cially involves the AV no 
erttly induce complete heart block. This potential risk should 
be considered if the technique is applied to partial AV node 
ablation in humans. 
Although we did not establish R lbzear correlation between 
the lesion size and total amount ofenergy administered, the 
apparent lack of correlation may berelated to the small 
sample size. On the other hand, it is probably a result of the 
variable degree of attachment of he suction catheter to he 
endocardial surface and the nonuniform nature of the tissues, 
including the septal tricuspid leaflet and the endocardiai atrial 
and ventricular septal walls. These factors may also account 
for the higher total energy levels required in Dogs 2 and 3 
(Table 1) to achieve ablation. The absence of correlation 
between the energy delivered and the size of the endocardial 
lesion and the depth of tissue damage is not surprising in light 
of the anatomic structures within the ablation region. 
Gross pathologic findirtgs differ somewhat from those 
described by Saksena et al. (6). These investigators, who used 
the identical catheter toachieve complete heart block in dogs, 
did not describe overlying thrombus atthe site of the ablation 
(Fig. 8B), nor did they observe a ‘kissing lesion” on the 
adjacent atria1 wall. These differences may be related to a 
difference in their technique, the lower total energy levels 
they used to achieve complete AV block, or the greater age of 
the lesions they described (4 to 6 weeks) (6). The natural 
evolution of these lesions may be resolution offocal thrombi 
and scarring, as was observed inDog 6 in Protocol 1. 
LMtation of the study aad clinical implications. The cri- 
teria used for partial ablation of the AV node are necessarily 
arbitrary. Extrapolation of these findings to humans, in 
whom this technique is potentially applicable for treatment 
of reentrant AV node tachycardia, needs to be tested and 
confirmed. The long-term effects of partial AV no 
are unknown. However, progression f co 
over a prolonged period (years) is possible. Nevertheless, 
this technique provides a refinement to the currently avail- 
able techniques with a more precise localization and, there- 
fore, a selective injury to the AV node and perinodal tissues. 
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